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Abstract 
T h e w a t e r h y a c i n t h (Eichhornia crassipes [Mar t . ] S o l m s ) d u e to i ts h i g h g r o w t h r a t e a n d 
v e g e t a t i v e r e p r o d u c t i o n h a s b e e n c lass i f ied as a n o b n o x i o u s f r e shwa te r w e e d e s p e c i a l l y 
in t h e t r o p i c s a n d s u b t r o p i c s . It h a s b e e n r e p o r t e d tha t t h e p r e s e n c e o f w a t e r h y a c i n t h s in 
w a t e r w a y s r e su l t s in t h e d i s p l a c e m e n t o f n a t i v e f r e shwa te r p l a n t s d u e to i n t e n s e 
c o m p e t i t i o n for l ight , s p a c e a n d essen t i a l r e s o u r c e s s u c h as n u t r i e n t s , r es t r i c t s n a v i g a t i o n , 
f i sh ing ac t iv i t i e s , cu l tu ra l a n d soc ia l u s a g e b y af fec t ing w a t e r qua l i ty , h a r b o r s d i s e a s i n g 
c a u s i n g v e c t o r s , e tc . H o w e v e r t h e u s e o f w a t e r h y a c i n t h in t h e p r o d u c t i o n o f b i o g a s h a s 
b e e n a n a p p e a l i n g s o l u t i o n to con t ro l t h e e v e r e x p a n d i n g in fes t a t ion o f th i s n u i s a n c e 
p l an t . T h i s s t u d y the re fo re a i m e d at o p t i m i z i n g t h e b i o g a s p r o d u c t i o n f rom w a t e r 
h y a c i n t h b y e n h a n c i n g t h e h y d r o l y s i s p r o c e s s . T h i s s t u d y a l so a t t e m p t e d to i n v e s t i g a t e 
t h e o p t i m u m nu t r i t i ona l s ta te ( i .e . C / N a n d C / P ra t ios ) r e q u i r e d for e f fec t ive 
b i o m e t h a n a t i o n a n d to e v a l u a t e t h e k ine t i c s o f a n a e r o b i c d iges t i on . 
T h i s s t u d y w a s c o n d u c t e d u s i n g s ix n u m b e r s o f b a t c h b e d b a r r e l e d d ige s t e r s e a c h h a v i n g 
a c a p a c i t y o f 4 5 1. F o r th i s s t u d y aer ia l pa r t s ( s t e m s a n d l eaves ) o f w a t e r h y a c i n t h w e r e 
u s e d a s t h e subs t r a t e w i t h fresh c o w d u n g m i x e d in t h e ra t io o f 2 :3 b y w e t w e i g h t ( w / w ) . 
S e v e r a l p a r a m e t e r s s u c h a s T S a n d V S w e r e m e a s u r e d o n c e a w e e k w h i l e T O C , T N a n d 
T P w e r e m e a s u r e d e v e r y 2 w e e k s . B i o g a s p r o d u c t i o n ra t e , p H a n d t e m p e r a t u r e w e r e 
m e a s u r e d o n a d a i l y b a s i s . T h e s t u d y w a s c o n d u c t e d at a m b i e n t m e s o p h i l l i c t e m p e r a t u r e 
for a p e r i o d o f 4 m o n t h s . 
B o t h C / N a n d C / P ra t io s d e c r e a s e d after m i x i n g w i t h c o w d u n g h a v i n g a v e r y l o w C / N 
a n d C / P ra t io o f 8 a n d 1 6 5 , r e spec t ive ly . T h e C / N ra t io s d id no t a p p r o a c h to t h e o p t i m u m 
r a n g e o f 2 0 - 3 0 . N e v e r t h e l e s s t h e C /P ra t ios e x c e e d e d t h e o p t i m u m ra t io o f 167 r e q u i r e d 
to e n h a n c e b i o g a s p r o d u c t i o n . H o w e v e r g a s p r o d u c t i o n c o m m e n c e d f rom all d i g e s t e r s 
w i t h i n 3 d a y s o f t h e s t u d y ( i .e . a p r o d u c t i o n ra te o f 0 . 7 3 - 1 . 3 5 1/kg/day w a s r e c o r d e d ) . 
T h i s s t u d y s h o w e d tha t subs t r a t e s h a v i n g T S a n d V S c o n t e n t s in t h e r a n g e o f 6 3 - 7 7 g/1 
a n d 4 5 - 5 0 g/1, r e s p e c t i v e l y p r o d u c e d b i o g a s m o r e eff ic ient ly. H i g h e r g a s p r o d u c t i o n r a t e s 
w e r e o b t a i n e d f rom t h e subs t r a t e s in t h e f-1 d i g e s t e r ( i .e . d i g e s t e r c o n t a i n i n g t h e 
h y a c i n t h s g r o w n in a nu t r i en t so lu t i on c o n t a i n i n g 2 8 T N mg/1 a n d 7 .7 T P mg/1) 
p a r t i c u l a r l y d u r i n g t h e p e r i o d o f 1 4 t h - 2 7 t h day . f-1 d iges t e r h a d t h e h i g h e s t C / N ra t io o f 
16 , w i t h an o p t i m u m ini t ia l p H o f 7 .28 a n d t e m p e r a t u r e o f 3 0 . 3 ° C to a c c o u n t for o p t i m u m 
b i o g a s p r o d u c t i o n . 
T h i s s t u d y c o n c l u d e d tha t c o w d u n g a n d w a t e r h y a c i n t h m i x t u r e s p r o d u c e d b i o g a s e v e n 
t h o u g h t h e C / N ra t io s w e r e n o t w i t h i n t h e o p t i m u m r a n g e o f 2 0 - 3 0 . N e v e r t h e l e s s h i g h e r 
b i o g a s p r o d u c t i o n s w e r e r e p o r t e d f rom subs t r a t e s h a v i n g h i g h e r C / N ra t io s o f 16 . C h e n 
a n d H a s h i m o t o m o d e l fi t ted w e l l w i t h t h e e x p e r i m e n t a l d a t a e x c e p t for a f ew ini t ia l 
v a l u e s s ince t h e c o r r e c t i o n for t h e t e m p e r a t u r e , p H a n d m a s s t r ans fe r w e r e n o t a c c o u n t e d . 
K i n e t i c c o n s t a n t s pm a n d K for t h e subs t r a t e s w e r e in t h e r a n g e o f 0 . 0 0 7 4 - 0 . 0 3 3 2 day" 1 
a n d 0 . 0 3 6 0 - 0 . 0 3 8 6 day" 1 , r e spec t ive ly . 
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F i g u r e 4 . 7 : C u m u l a t i v e b i o g a s p r o d u c t i o n o f h y a c i n t h s y s t e m s 6 0 
F i g u r e 4 . 8 : V a r i a t i o n o f p H o f t h e h y a c i n t h subs t r a t e w i t h t i m e 6 2 
F i g u r e 4 . 9 : T e m p e r a t u r e V a r i a t i o n o f t h e h y a c i n t h subs t r a t e w i t h t i m e 6 3 
F i g u r e 4 . 1 0 : T h e v o l u m e o f m e t h a n e p r o d u c e d p e r g r a m o f s u b s t r a t e V S a d d e d to 6 6 
F i g u r e 4 . 1 1 : G r a p h o f \n{Go/(G0-Gt)) v s d a y for d i f ferent fo lds 6 8 
F i g u r e 4 . 1 2 : G r a p h (S0-S)/S V S t i m e 7 0 
F i g u r e 4 . 1 3 : E x p e r i m e n t a l a n d theo re t i ca l m e t h a n e p r o d u c t i o n for f-1/8 72 
F i g u r e 4 . 1 4 : E x p e r i m e n t a l a n d theo re t i ca l m e t h a n e p r o d u c t i o n for f-1/4 72 
F i g u r e 4 . 1 5 : E x p e r i m e n t a l a n d theo re t i ca l m e t h a n e p r o d u c t i o n for f-1/2 7 3 
F i g u r e 4 . 1 6 : E x p e r i m e n t a l a n d theo re t i ca l m e t h a n e p r o d u c t i o n for f-1 7 3 
F i g u r e 4 . 1 7 : E x p e r i m e n t a l a n d theo re t i ca l m e t h a n e p r o d u c t i o n for f-2 7 4 
F i g u r e 4 . . 18 : E x p e r i m e n t a l a n d theo re t i ca l m e t h a n e p r o d u c t i o n for f-out 7 4 
VI 
ABBREVIATIONS 
A D P - A d e n o s i n e d i p h o s p h a t e 
A T P - A d e n o s i n e t r i p h o s p h a t e 
B - V o l u m e o f m e t h a n e p r o d u c e d at t i m e t, p e r g r a m o f s u b s t r a t e ( V S ) a d d e d 
Bo - V o l u m e o f m e t h a n e p r o d u c e d p e r g r a m o f s u b s t r a t e a d d e d at inf in i te 
r e t e n t i o n t i m e or for c o m p l e t e u t i l i za t ion o f s u b s t r a t e 
C - C a r b o n c o n t e n t (mg/1) 
C - C o n c e n t r a t i o n o f subs t r a t e at t i m e t (g/1) 
Co - In i t ia l subs t r a t e C o n c e n t r a t i o n (g/1) 
C O D - C h e m i c a l O x y g e n D e m a n d (mg/1) 
Go - B i o g a s p r o d u c e d u n d e r c o m p l e t e d i g e s t i o n o f in f luen t (1) 
G, - C u m u l a t i v e b i o g a s at a n y t i m e t (1) 
y K - K i n e t i c p a r a m e t e r ( d a y " ) 
Ks - H a l f v e l o c i t y c o n s t a n t (day" 1 ) 
K, - R e a c t i o n r a t e at t e m p e r a t u r e T (day" 1 ) 
K20 - R e a c t i o n r a t e at t e m p e r a t u r e 20 °C (day" 1 ) 
N - N i t r o g e n (mg/1) 
P - P h o s p h o r u s (mg/1) 
Pv - V o l u m e t r i c m e t h a n e p r o d u c t i o n ( l / ( l /day) 
R 2 - L i n e a r R e g r e s s i o n coeff ic ient 
r g - R a t e o f bac t e r i a l g r o w t h ( mg / ( l / l / day ) ) 
S - V o l a t i l e so l i d s c o n t e n t at a n y t i m e t (g/1) 
So - In i t ia l vo l a t i l e so l ids c o n t e n t (g/1) 
S R B - S u l p h a t e r e d u c i n g b a c t e r i a 
y S R T - S o l i d s r e t en t i on t i m e (day) 
T - T e m p e r a t u r e ( °C) 
T N - T o t a l n i t r o g e n (mg/1) 
T O C - T o t a l o r g a n i c c a r b o n (mg/1) 
T P - T o t a l p h o s p h o r u s (mg/1) 
T S - T o t a l so l ids (g/1) 
T V S - T o t a l vo l a t i l e so l i d s (g/1) 
U O M - U n i v e r s i t y o f M o r a t u w a 
V F A s - V o l a t i l e F a t t y ac id s 
V S - V o l a t i l e S o l i d s 
X - C o n c e n t r a t i o n o f m i c r o o r g a n i s m s ( m a s s / un i t v o l u m e ) 
p. - Spec i f i c g r o w t h r a t e (day" 1 ) 
jum - M a x i m u m Spec i f i c g r o w t h r a t e (day" 1 ) 
* G - H y d r a u l i c R e t e n t i o n T i m e (day) 
VG - A c t i v a t i o n e n e r g y 
a - T e m p e r a t u r e ac t iv i ty coef f ic ien t 
6min . M i n i m u m h y d r a u l i c r e t e n t i o n t i m e 
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